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The effect of band offset on the retention properties of metal-ferroelectric
„PbZr0.53Ti0.47O3…-insulator „Dy2O3,Y2O3…-semiconductor capacitors
and field effect transistors
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Metal-ferroelectric-insulator-semiconductor field effect transistors MFISFETs and capacitors with
the structures of Al/Pb Zr0.53 ,Ti0.47 O3 PZT /Dy2O3/Si and Al/PZT/Y2O3/Si were fabricated.
The variation of the memory window as a function of annealing temperature was studied. The
maximum capacitor-voltage C-V memory window of Al/PZT/Dy2O3/Si capacitors was 2.95 V.
The retention times of Al/PZT/Y2O3/Si and Al/PZT/Dy2O3/Si MFISFETs were 11.5 days and
11.1 h, respectively. The longer retention time of Al/PZT/Y2O3/Si MFISFETs is attributed to the
larger conduction band offset at the Y2O3/Si interface 2.3 eV compared to that of Dy2O3/Si
0.79 eV. © 2007 American Institute of Physics. DOI: 10.1063/1.2784203
Ferroelectric field effect transistor with a metal-
ferroelectric-insulator-silicon MFIS structure is a promis-
ing candidate for nonvolatile random access memory. Com-
pared with other nonvolatile memories, MFIS field effect
transistors FETs have the advantages of high speed, single-
device structure, low power consumption, and nondestruc-
tive readout operation.1–3 The purpose of the insulator layer
is to prevent the reaction and interdiffusion between the
ferroelectric layer and silicon substrate as well as to improve
the retention properties.4,5 However, MFIS structure also has
some disadvantages such as depolarization field in the ferro-
electric film and the necessary voltage drop across the insu-
lator layer.6 In order to minimize the voltage across the in-
sulator layer, high dielectric constant insulators are desirable.
In this work, the electrical properties of MFIS devices with
Dy2O3 and Y2O3 high-k insulator layers were studied.7 Pa-
rameters such as memory window and retention time were
characterized. Retention is an important consideration of
MFIS devices.8 The two major causes of short retention time
in MFIS devices are depolarization field9,10 and gate leakage
current.11,12 A large conduction band offset at the high-k
dielectric/Si interface is helpful to reduce the leakage cur-
rent. Dy2O3 and Y2O3 have dielectric constants of 11–13 and
12–18, respectively.6,13 They also have good thermal stability
with silicon.14,15 In this work, the variation of the memory
window as a function of annealing temperature was studied
for Al/Pb Zr0.53 ,Ti0.47 O3 PZT /Dy2O3/Si capacitors and
the retention times of Al/PZT/Dy2O3/Si and
Al/PZT/Y2O3/Si transistors were investigated. In the litera-
ture, there were several reports on MFIS capacitors with
Y2O3 insulator layer.15–18 Only Park et al.16 used PZT as the
ferroelectric layer in the Al/PZT/Y2O3/Si structure. Prior
work on Al/PZT/Dy2O3/Si MFIS capacitors of our labora-
tory was reported by Chang et al.6 A more detailed study was
made in this work.
p-type, 100 orientation, 4 in. diameter silicon wafers
1–10  cm were used as the starting substrates. A 500 nm
SiO2 film was grown on the silicon wafers by wet oxidation.
The oxide on the back side was then removed. The Dy2O3
and Y2O3 thin films were deposited by rf magnetron sputter-
ing at room temperature. A standard oxide clean HF:H2O
=1:10 was performed before film deposition. The purity of
Dy2O3 and Y2O3 target is 99.9%. The PZT thin films were
also deposited by rf magnetron sputtering. The target was
Pb1.1 Zr0.53 ,Ti0.47 O3. The excess Pb was used to compen-
sate the volatile PbO. The PZT films were rapid thermal
annealed in O2 ambience at 400, 500, 600, and 700 °C for
60 s. The source and drain windows were defined by wet
etching and doped by phosphorus diffusion. The contact re-
gion was etched by buffered oxide etch. Aluminum was used
as the top electrode. Postmetallization annealing was per-
formed at 400 °C in N2 for 30 s. The I-V characteristics
were measured using Keithley 236 electrometer and the C-V
characteristics using high frequency C-V meter MegaBytek
Mi-494.
Figure 1 shows the C-V memory window as a function
of sweeping voltage for Al/PZT/Dy2O3/Si capacitors an-
nealed at different temperatures. Al/PZT/Dy2O3/Si capaci-
tors annealed at 500 °C have the largest memory window of
aElectronic mail: ymlee@ee.nthu.edu.tw
FIG. 1. C-V memory window as a function of sweeping voltage for
Al/PZT/Dy2O3/Si capacitors annealed at 400, 500, 600, and 700 °C.
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2.95 V at a sweep voltage of 9 V. The outdiffusion of Pb
was observed at 600 °C by secondary-ion-mass spectros-
copy. The memory window of Al/PZT/Dy2O3/Si capacitor
annealed at 500 °C is larger than those annealed at 600 and
700 °C. The memory size of Al/PZT/Dy2O3/Si capacitors
was also studied as a function of Dy2O3 thickness. The maxi-
mum memory windows for Al/PZT/Dy2O3/Si capacitors
with Dy2O3 thicknesses of 27 and 12 nm are 0.7 and 1.1 V at
a sweeping voltage of 10 V, respectively. The memory win-
dows increase with decreasing insulator thickness. This
is due to the fact that the effective electric field in the
ferroelectric layers is increased with decreasing insulator
thickness.
Figure 2a shows the energy band diagram of the
Al/PZT/Dy2O3/Si structure with negative gate bias. The
electron and hole barrier heights at the Dy2O3/Si interface
are 0.79 and 2.91 eV, respectively.6 Figure 2b shows a
similar energy band diagram of the Al/PZT/Y2O3/Si MFIS
structure. The electron and hole barrier heights at the
Y2O3/Si interface are 2.3 and 2.6 eV, respectively.13 It can
be seen that the Y2O3/Si interface has a much larger electron
barrier height than that of Dy2O3/Si.
Figure 3 shows the gate leakage current densities of
MFIS capacitors with Y2O3 and Dy2O3 insulators as a func-
tion of sweep voltage. The leakage current density of MFIS
capacitors with Y2O3 insulator at 10 V was lower than that
of MFIS capacitors with Dy2O3 by about 2.5 orders of mag-
nitude and this will contribute to the longer retention time of
Al/PZT/Y2O3/Si transistors. The lower leakage current of
Al/PZT/Y2O3/Si capacitors is most likely due to the larger
electron barrier height at the Y2O3/Si interface.
Figures 4a and 4b show the retention time character-
istics of Al/PZT/Dy2O3/Si and Al/PZT/Y2O3/Si MFIS-
FETs, respectively. Electric pulses of +10 and −10 V at 1 s
duration were applied to the gate. The IDS-VDS curves were
then measured at a fixed gate voltage of 0.3 V. This IDS-VDS
measurement was repeated for different time periods from
1 to 3000 s. By keeping a minimum drain current on/off ra-
tio of 10, the retention times of Al/PZT/Y2O3/Si and
Al/PZT/Dy2O3/Si MFISFETs were 11.5 days and 11.1 h,
respectively. The retention time of Al/PZT/Y2O3/Si MFIS-
FETs was also measured by another pulse technique. The
threshold voltage was determined after applying the writing
pulses of +8 or −8 V with a duration of 100 s. The
Al/PZT/Y2O3/Si MFISFETs still maintain a threshold volt-
age window of 1.1 V after an elapsed time of 3000 s. This
confirms the results in Fig. 4 using the extrapolation method.
The better retention time of the Al/PZT/Y2O3/Si MFIS-
FETs is most likely due to the larger electron barrier height at
the Y2O3/Si interface compared to that of Dy2O3/Si.
MFIS capacitors and field effect transistors using PZT as
the ferroelectric layer and Dy2O3 or Y2O3 as the insulator
layers were fabricated. The nonvolatile operation of the
MFIS transistors was demonstrated. The maximum C-V
memory window of 2.95 V for Al/PZT/Dy2O3/Si capaci-
tors was obtained with an annealing temperature of 500 °C
at a sweep voltage of 9 V. The retention times of
Al/PZT/Y2O3/Si and Al/PZT/Dy2O3/Si MFISFETs were
FIG. 2. Energy band diagram of the Al/PZT/Dy2O3/ p-Si capacitor with a negative gate bias voltage. b Energy band diagram of the Al/PZT/Y2O3/ p-Si
capacitor with a negative gate bias voltage.
FIG. 3. Leakage current densities of MFIS capacitors with Y2O3 and Dy2O3
insulators as a function of sweep voltage.
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11.5 days and 11.1 h, respectively. The better retention time
of the Al/PZT/Y2O3/Si field effect transistors is attributed
to the larger electron band offset of 2.3 eV at the Y2O3/Si
interface.
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FIG. 4. a Retention time characteristics of Al/PZT/Dy2O3/Si MFISFETs. b Retention time characteristics of Al/PZT/Y2O3/Si MFISFETs.
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